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Introduction 39 1.1 Scope of Review 40
Micronutrient deficiencies (MNDs) can occur due to inadequate dietary intakes of vitamins and 41 mineral elements, excessive losses, or malabsorption. Also known as 'hidden hunger', the 42 consequences of MNDs are often less apparent than energy or protein deficiencies. However, 43
their prevalence is likely to be more widespread than energy/protein malnutrition, with at least 44 1.5 billion (GBD, 2016), and potentially more than 3 billion (Kumssa et al. 2015a,b) , people 45 likely to be affected by one or more MNDs. Micronutrients is a term often used to include any 46 of the >20 essential elements required by humans; the elements most commonly studied are 47 calcium (Ca), copper (Cu), iron (Fe) , iodine (I), magnesium (Mg), selenium (Se) and zinc (Zn) 48 estimating the prevalence of MNDs at national and sub-national scales remains a considerable 52 challenge in terms of selecting appropriate biomarkers of nutritional status, measuring these 53 in population-level surveys, and linking these with health outcomes. In turn, this constrains the 54 development of policies to alleviate MNDs, including the application of innovations from the 55 agriculture/nutrition research sectors. 56 57
The scope of this review is to provide an overview of dietary supplies of Zn and Fe in current 58 global food systems. Dietary deficiencies of Zn and Fe have been estimated as the 40 th and 59 16 th leading risk factors, respectively, underlying global burden of disease (GBD, 2016) . It has 60
been estimated that Zn and Fe deficiency reduces the Gross Domestic Product (GDP) of 61 developing countries by 2-5% (Stein, 2014) . The potential to develop policies to address 62 deficits of Zn and Fe in food systems are considered from an agriculture/nutrition perspective, 63
including the potential to use micronutrient fertilization and crop breeding to benefit human 64
health. 65 66
1
.2. Functions of zinc and iron in humans 67
An adult human body contains ~2 g of Zn of which ~60% is found in skeletal muscle and 30% 68
in bone mass (Saltzman et al., 1990) . Zinc has many fundamental roles for all life forms 69 , and binds with >900 proteins in the human body (Oliver and Gregory, 70 2015) . The World Health Organization and Food and Agriculture Organization (WHO & FAO, 71
2004) Reference Nutrient Intake (RNI) for Zn is 14 and 10 mg capita -1 d -1 for adult males and 72 females, respectively; the requirements for adolescents are greater. In children, Zn deficiency 73 increases the incidence and severity of diarrhoea and increases the risk of stunting ( An adult human body contains ~4.0 g of Fe of which ~75% is in the oxygen-transporting 79 proteins haemoglobin and myoglobin (Bothwell et al., 1979) . The redox potential of Fe is 80 critical in binding and releasing oxygen and for its functions in enzymes including energy, 81
protein and nucleotide metabolism. Soil is the source of most Zn and Fe within plants, so soil type has a major role in determining 151 the amounts contained in crops. Most soils used for agriculture contain 10-300 µg Zn g -1 soil 152
with the concentration in soil solution ranging from 10 -8 -10 -6 M (White and Greenwood, 2013).
153
Concentrations of Fe in most agricultural soil solutions also range from 10 -8 -10 -6 M but only 154 10 -10 M in alkaline or calcareous soils (White and Greenwood, 2013) . Table 1 Table 2 shows the range of Zn and Fe concentrations measured in the edible parts of several 183
crop species grown under field conditions. Typically, the results were for a collection of 184 different genotypes of the crop, but the environments were different for each crop collection 185 so that the differences in concentration cannot be ascribed solely to plant species. 186
Nevertheless, some generalizations can be made. The seeds of most cereals (maize, rice and 187 wheat) have lower concentrations of Zn and Fe than seeds of legumes ( 
Factors affecting Zn and Fe bioavailability 281
A primary cause of Zn and Fe deficiencies is insufficient dietary supply of the element. 282
However, it is also possible that the quantity of Zn and Fe consumed is sufficient to meet 283 needs, but that absorption is impaired due to physiological reasons or the presence of large 284
quantities of anti-nutrients in the diet.
286
In humans, various mechanisms support Zn and Fe homeostasis at systemic levels to support 287 essential functions and protect against toxicity despite wide ranges of intakes. home, school or community-based settings (Zlotkin et al., 2003) . Such approaches may be 340 favoured because they typically require minor changes in behaviour or diets. However, certain 341 groups may be excluded. For example, disabled children have been shown to have less 342 access to community-based programmes (Kuper et al., 2015) . 343 344
Food fortification can also occur at processing stages and may be mandated by government 345 or undertaken by individual processers/manufacturers to add value to their products. Staple 346 foods such as cereal flours, breakfast cereals, cooking oil and salt are typically chosen as food 347
vehicles. Although the conceptual potential of food fortification for addressing Fe and Zn 348
deficiencies is clear, especially where the consumption of processed food is high, such 349
approaches are likely to be less successful in settings where the majority of households 350 depend on subsistence production, including in much of sub-Saharan Africa and South Asia.
351
Typically, the consumption of processed foods is greater in wealthier and urban households 352
while there is greater prevalence of MNDs in poorer and rural households, thus limiting the 353 effectiveness and equitability of schemes (Fiedler et al., 2013) . Mandatory schemes also 354 require sufficient government capacity to monitor compliance and to ensure that fortificant 355 levels are sufficient and safe. However, there is also still a general lack of evidence of the In its broadest definition, biofortification is considered to be the production of crops with greater 375 bioavailable concentrations of nutrients in their edible portions Agronomic biofortification involves the application of micronutrient-enriched fertilizers to 408 increase their bioavailable concentrations in the edible portion of crops (Cakmak, 2008; White 409 and ). Micronutrients can be applied in combination with commonly-used 410 granular fertilizers applied to soils, or as foliar sprays. There are often already considerable 411
reserves of Zn and Fe in soils, albeit of limited phytoavailability. Soil-applied fertilizers are 412 often fixed rapidly within the interlayer spaces of aluminosilicate clays and/or bind to 413 negatively-charged manganese oxides in low pH soils, or fixed rapidly to Ca carbonates in 414
high-pH soils. For soil-applied Zn, it has been shown that applications of organic nutrients 415 such as cattle manure and woodland litter, in combination with NPK and Zn fertilizers, provided 416 additional increase in maize grain Zn concentration beyond that expected from the additional 417
Zn inputs from these sources, presumably through improvements to soil structure ( 
